Abstract Fifteen patients with infectious spondylitis were treated by percutaneous endoscopic discectomy and drainage (PEDD) and associated appropriate parenteral antibiotics. Infectious spondylitis was diagnosed clinically, on the basis of elevated erythrocyte sedimentation rate (ESR) and Creactive protein (CRP) values, and on roentgenographic and magnetic resonance imaging (MRI) findings. Causative bacteria were identified in 13 (86
Introduction
Pyogenic spondylitis is the most common spinal infection that can occur spontaneously in immunocompromised patients, owing to haematogenous spread from other inflammatory foci or following diagnostic and therapeutic procedures. Tuberculous spondylitis continues to be a major problem in underdeveloped and developing countries and is resurgent in the Western world [6, 14, 18, 20] . The typical clinical symptoms and signs of infectious spondylitis, either pyogenic or tuberculous spondylitis, include severe back pain with or without sciatica. The initial radiographic sign is commonly a collapsed intervertebral disc space with or without subtle erosion of the vertebral endplate. In more aggressive cases osteolysis can result in substantial shortening and compression of the vertebral body, finally producing instability. However, the disc is relatively preserved until late in the tuberculous infection process, despite extensive bony destruction [2, 10, 14, 16] .
Surgical intervention is usually reserved for patients with failed antibiotics therapy, progressive spinal deformity or instability, epidural abscesses, or neurological impairment [4, 13, 16, 21] . However, peri-operative morbidity increases with anterior debridement or combined anterior and posterior surgery, especially in elderly patients or those in poor general condition. Thus, early diagnosis and prompt application of appropriate antibiotic therapy for cultured organisms are crucial for the successful treatment of infectious spondylitis and prevention of further morbidity.
Identifying the offending pathogen is critical to administration of the correct antibiotics for non-operative treatment. However, spinal biopsy for bacteriologic diagnosis has a variable rate of reported success in patients with spondylitis [5, 8, 19, 23, 24] . In addition to inadequate amount of biopsy tissue, a high degree of radiation exposure is another concern [15, 17] . In this study, percutaneous endoscopic discectomy and drainage (PEDD) was used to treat 15 patients with infectious spondylitis. Clinical outcomes were retrospectively reviewed to evaluate the diagnostic and therapeutic values of this minimally invasive procedure.
Patients and methods
Fifteen patients (nine male and six female; ages 27-88 years) with infectious spondylitis were treated by PEDD procedures between January 2002 and February 2005 in one medical centre. The patients' medical records, including outpatient and emergency room notes, admission notes, in-patient progress and nursing notes, discharge summaries, procedure notes, surgical reports, radiology reports, pathology reports, and microbiology laboratory results, were reviewed. The microbiology reports comprised microscopy and culture findings and any specific pathogens identified by either method. All patients presented with intractable back pain requiring narcotic pain control and bed rest. Of 15 patients, 11 had serious medical problems unsuited to major surgery. Infectious spondylitis was diagnosed on the basis of clinical examination, including elevated erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) values, and roentgenographic and magnetic resonance imaging (MRI) findings.
Fifteen patients with clinical symptoms and comparable imaging studies met the inclusion criteria. Infected levels were L2-3 in four patients, L3-4 in one, L4-L5 in seven, and L5-S1 in three. The criteria included: (1) early stage spondylitis; (2) complicated spondylitis in patients of advanced age and/or with a compromising medical condition. Patients with an infection associated with epidural abscess resulting in neurological deficit were excluded.
Clinical outcome was assessed by careful physical examination, regular serological tests, and imaging studies during admission and at least every three months after discharge, to determine whether continued conservative treatment or change to surgical intervention was required.
Technique
The patient was situated prone on a radiolucent frame suitable for fluoroscopy. All procedures were performed under local anaesthesia with conscious sedation similar to that used for standard lumbar discography. Under fluoroscopic guidance the target site was located, and the entry site was marked on the skin at a point 8-12 cm from the midline. Following sterile preparation, draping, and local anaesthesia, a spinal needle was inserted directly into the center of the targeted disc. A guide wire was introduced through the spinal needle into the central disc space, and the spinal needle was then withdrawn. After a small stab wound incision (about 1 cm) had been created, a dilator and cannulated sleeve were guided over the wire and passed sequentially into the disc center. Fluoroscopy was repeated in two orthogonal planes to verify the correct position of the endoscope tip. The tissue dilator was then removed, and the cutting tool was inserted. The cutting tool, a cylindrical sleeve with a serrated edge at its distal end, was used to harvest a core of impacted biopsy specimen. Discectomy forceps were then inserted through the cannulated sleeve to extract additional tissue from the infected disc. Percutaneous debridement was conducted in a piecemeal fashion by manipulating the biopsy forceps and shaver into different positions to withdraw as much tissue as possible under fluoroscopic monitoring. Following biopsy and debridement procedures, normal saline solution was used for irrigation. Finally, a drainage tube was inserted into the debrided disc space and connected to a negative-pressure Hemovac (Fig. 1) . The biopsy specimen contained disc material and parts of vertebral endplates of adjacent vertebrae. Each biopsy was examined for micro-organisms and examined histopathologically.
Results
The most prominent clinical sign of infectious spondylitis was spinal pain, which was detected in all 15 patients. Thirteen patients (86.7%) reported immediate relief of back pain following PEDD. Of these 13 patients, two experienced recurrent intractable pain with progressive kyphotic deformity, identified radiologically, underwent surgical treatment at one month and eight months after PEDD, respectively. The remaining two patients, who had persistent infection and severe back pain, underwent anterior debridement with accompanied autograft interbody fusion one week and two weeks after PEDD, respectively.
Causative bacteria were identified in 13 (86.7%) of 15 biopsy specimens. Systemic antibiotics and anti-tuberculous or anti-fungal chemotherapy were administered according to sensitivity studies for identified pathogens. Six patients were infected with Staphylococcus aureus, three cases of which were oxacillin-resistant and three oxacillin sensitive. Two patients had spinal tuberculous spondylitis, and five had Streptococcus viridans, Prevotella spp, Enterococcus faecalis, Pseudomonas aeruginosa, and Candida albicans infections. Two patients with negative biopsy findings underwent surgical exploration for persistent back pain and spinal deformity at one week and eight months after PEDD, respectively. Short-term broadspectrum antibiotics were administrated after PEDD in these two patients. One patient had chronic inflammation histologically by open debridement but still no phatogens were identified. The other patient with tuberculous spondylitis confirmed eight months after PEDD had a history of anti-tuberculous chemotherapy for pulmonary tuberculosis.
Overall, four of 15 patients underwent anterior debridement and fusion with autograft because the pathogens or progressive infection had not been identified. Extensive osteolytic destruction of the vertebral body, with spinal Fig. 1 A drainage tube is inserted through the trocar for further drainage under intraoperative fluoroscopy Fig. 2 A 65-year-old woman sustained infectious spondylitis and was treatment with percutaneous endoscopic discectomy and drainage. Preoperative radiography showed narrowing of the L4-L5 disc space and endplate erosion instability or kyphotic deformity, was observed in these four patients. Eleven patients responded to PEDD and were successfully treated with at least a six-week course of parenteral antibiotics therapy or full-course antimicrobial chemotherapy (Figs. 2, 3 and 4) . Elevated CRP values returned to normal range within seven days to five weeks in these patients. Elevated ESR irregularly decreased to half of the original pretreatment values within three to nine weeks. However, no surgery related complications or side effects were noted during at least 12 months of follow-up (average 26.5 months; range 12-48 months). Table 1 presents a summary of the patients' data, including age, gender, involved level, medical disorder, and clinical outcome after PEDD. Table 2 presents the changes in serological values before and after PEDD.
Discussion
The primary goals in treating infectious spondylitis are to make a diagnosis, isolate the organism responsible, and prescribe effective antibiotic therapy. Conservative therapy is adequate for mild cases and those detected early. Surgical intervention is indicated for patients with significant Fig. 3 Sagittal MRI with contrast demonstrated L4-L5 infectious spondylitis Fig. 4 Postoperative radiography obtained at 2-year follow-up showed collapse of the L4-L5 disc space and spontaneous fusion neurological deficit, large epidural abscesses, extensive vertebral body destruction, severe kyphotic deformity or spinal instability, or failed antibiotic therapy [4, 13, 16, 21] . Diagnosis and treatment can be delayed when patient complaints are relatively non-specific. Imaging study and a high degree of suspicion can alert surgeons to a correct diagnosis; however, tissue must be obtained for confirmation by biopsy. Needle aspiration is recommended for the isolation of offending pathogens. However, the aspirate is often inadequate and, sometimes, no organism is cultured [3, 5, 7, 8] .
Percutaneous endoscopic discectomy was first employed for treating uncomplicated herniated discs in the early 1980s. Recently, numerous minimally invasive, percutaneous, endoscopic procedures for lumbar disc herniation have been developed for spinal surgery, with clinical outcomes comparable to those of conventional open surgery [11, 25] . The minimal invasiveness and simplicity of the technique led the authors to apply it in treating infectious spondylitis in select cases. Obtaining a sufficient amount of material for microbiological examination directly from the infected region is commonly possible. Additionally, eradication and irrigation of infected and necrotic tissue from a disc and even an epidural space facilitate a fenestration similar to open debridement [1, 9] .
In cases of spinal infection the reported accuracy of spinal biopsy varies from 36-76%, according to the organism isolated [5, 8, 19, 23, 24] . Fouquet et al. obtained 2  97  5  38  9  3  15  2  60  6  4  6 0  7 7  5  182  129  6  239  125  7  147  4  57  7  8  18  2  57  6  9  49  3  95  6  10  65  4  85  8  11  11  1  35  3  12  127  3  116  5  13  20  1  52  3  14  31  2  33  4  15  96  3  69  5 bacteriological diagnosis in nine (36%) of 25 patients biopsied, using a Mazabraud trocar [5] . Staatz Two culture results of debrided infective disc tissue were not false negative as no pathogens were identified in one patient despite open biopsy and debridement one week after PEDD. This negative finding may have resulted from previous empirical antibiotic therapy. Tuberculous spondylitis in the other patient was confirmed eight months later following surgical intervention; this patient had a past history of pulmonary tuberculosis and had undergone continuous anti-tuberculous chemotherapy.
Haaker et al. treated 16 patients with lumbar disc infection, using percutaneous lumbar discectomy. Diagnostic biopsy identified the specific infection in 45% of cases, and only three patients were treated surgically. The authors concluded that percutaneous lumbar discectomy is a very useful, minimally invasive procedure for conservative treatment of lumbar discitis [8] . With improved instruments and techniques, extensive debridement and eradication of the infected tissue can be achieved. Combined with good drainage and full-course antimicrobial therapy, it allowed favourable outcomes in 11 patients in this study. Relief of intradisc pressure, irrigation of inflammatory factors, adequate debridement, and a minimally invasive procedure preserving adequate stability contribute to immediate back pain relief. Moreover, with a postoperative negativepressure Hemovac, the pathogens and infected tissue can continue to be sucked out.
Progressive symptoms occurred in four patients due to poorly controlled infection in complicated spondylitis or significant mechanical back pain after PEDD. Of these four patients, two had intractable back pain and underwent surgical treatment for active infection within two weeks of PEDD. In the other two operatively treated patients the symptoms were attributed to instability or kyphotic deformity caused by extensive osteolytic destruction of the vertebral body. When more extensive bone destruction is identified, open debridement and bone grafting can provide adequate stability and relief of symptoms. These factors should be considered as exclusion criteria for this procedure. With strict clinical selection, PEDD and associated fullcourse antimicrobial treatment can achieve a better outcome.
As arthroscopic lavage has proven effective and results in lower morbidity in the treatment of septic arthritis in large diarthrodial joints, PEDD can also be successfully employed to treat early stage infectious spondylitis [12, 22] . Early diagnosis of the aggressive infectious process, with prompt and appropriate antibiotic therapy, is crucial to successful treatment of spondylitis and prevention of its dreadful complications. This technique produces less morbidity than open treatment and, in this study, effectively relieved patients' symptoms, provided a bacteriological diagnosis, and facilitated the eradication of infection.
On the basis of analytical results in this study, the authors propose that PEDD is an effective alternative to spinal biopsy and should be considered prior to extensive anterior surgery for infectious spondylitis in carefully selected cases. It is especially recomended for patients with early stage spinal infection or serious medical problems.
